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TANDEMAIR PROPELLERS

By N. P. Lesley

SUWAR Y

!lestsof 2-blade,adjustable-pitch$counterrotatlng
tandem model propellers,adjusted to absorb equal power
at maximum efficiency,were matlsat StanfordUniversity.

The characteristics,for 15°, 25°, 35°, and 45° pitch
settingsat 0.75 R of the forward propeller and for 8-1/2
percent, 15 percent, and 30 percent diameter spacings,wore
comparedwith those of 2-blade,and4-bladopropellersof
the same blado form.

The tests showed that the efficiencyof the tandem
propellerswas from 0.5 percent to 4 percent greater than
that of a 4-bkde propeS.lerand, at the high l)lade-angle
settings,not appreciablyinferiorto that of a.2-blade
propeller.

——
It was found that the rear tandempropeller shouldbe

set at a blade angle slightlyless than that of tho for-
ward propeller to realize the conditionof equal power at
mqaximumefficiency, Under this conditionthe totalpower
absorbed%y the tandem propellerswas from 3 percent to 9
percent more than that ahsorbodby the 4-blade propeller
and about.twice that absorbedby a 2-bladepropeller.

INTRODUCTION

Tandem air propellershave been the subject of both
experimentaland theoreticalinvestigations(references
lto5). The experimentalstudies for which data are
availablerelate for the most part to tandempropellers
separatedby considerabledistance,about one diameter,
and with a body roprcsentingan ezzginonacelle between.
Ti~~forward propellerwas thus a tractorwith.interfer-
ence in the rear, -andrear propellera pusher wfth inter-
ference forward of it.

—
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At the requestand with the’financialassistanceof
the NationalAdvisory Committee,forAeronautics,tho pres-....
ent experimentalstudywas carried out. The purposewas
to determinethe characteristicsof tandempropellersun-
der the conditionof close spacing such as would be prac-
ticablewith an engine having two concentricshaftsgeared
togetherand with oppositedirectionsof rotation.

While, in this case, the characteristicsof the indi-
vidual propellersof the tandem combinationas well as the
effect of eachpropellerupon the other might be of fnter-
ost, tho importantconsiderationis the relationof the
characteristicsof the tandem combinationas a whole to
those of a singlepropellerdesigned to absorb the same
powor at the same angularvelocityand speed of advance.

It is obviousthat, for tandempropellersof the same
form, si~e, and angular velocitY,the divisionof power
‘absorbedbetween them would depend primarilyon the rela-
tion of blade angle. It seemedthat an equal division of
power under the usual conditionsof-operationmight con-
stitutean incidentaladvantage,since there would he no
rolling momentdue to propeller torqueacting on the‘plane
and the slipstreamwould be without twist. “Thecondition
that equal power shouldbe’al)sorbedby the two propellers
at maximum efficiencyof the combinationwas thereforear-
bitrarilychosenfor determiningthe relationof pitch set-
tings used for test.

APPARATUSAND TESTS

Wind tunne~- The experimentsof this investigation
were,carriedon in the wind tunnel of the Daniel Guggenheim
AeronauticalLaboratoryof StanfordUniversity. This tun-
nel is of the-Eiffel type with open throat 7-1/2 feet in
diameter. The maximumwind velocit’yis 90 miles per hour,

Dynamomet~- The propellerdynarnome.teris shown sche-
maticallyin figure 10 It conststtiessentiallyof a long
electricmotbr which is provided with a direct connected,
right-handrotation shaft S1 and a geared, left-handro-
tation shaft s~. The whole assembly is mounted on knife
edges below the shaft axis and is restrainedfrom rol~in~
by the torquearm A. The spider that carries the pinions
of the bevel gear-trainIs restrainedfrom turningabout
the shaft axis by a second torque arm B.

L“
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The rig~t-handpropeller 21 is keyed to shaft S1
and the left-handpropeller pa? to shaft S2, Any d-e-
sired spacingof the propellersis oltainedby moving PI
along its shaft.

The right- and left-handshafts are restrainedfrom
relative axial movementby thrust bearings,but the whole
shaft assembly Is free from longitudinalconstraint, The
total thrust is measuredby a weighingdevice corm-ected
to a thrust bearing carriedon shaft S1.

The dynamometeris shieldedby a sheet-metalcover
from wind forces other than those acting upon the propel-
lers.

.,
For this arrangementit can be shown that

..— .

(1)

.—
and

Qpa,

Qp*

QB9

QB = 2QP + QY (2)
a

is restrainingtorque acting through torque
arm A. -- -.

torque due to air forces acting on propeller.
P1’

torque due to air forces acting on propeller
P2*

torque required to turn shafts againsta com-
bination of frictionalresistancesin the
dynamometerbearings. . ------_

restrainingtorque acting through torque”arm
B. .

From (1) and (2)

QPI -QPa*QA-QB -: (3)

and ,. -.
....

Qpl + Qpa = QA - QF. (4)

——
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If theleft-handpropeller,: Pa, alona is on the
shaft

,.
QA= QP2.+- Qr

QB = 2Qp” +- Qp
z?

hence for.this case,

Qr= 2QA- QB,. (5)

Figure 2 shows the appearanceof the forward end,of .
the dynamometer. It may be seen that the model propellers
are well forward,actually one and one-halfdiameters,of
any considerableslipstreamobstruction.

IJodelpropellersO-Tho propellersused in these tests
were all 3-footdiametermetal models of-standardU.S. Navy
plan form and blade section. One was right-hand,2-blade;
another, left-hand,2-blade;and the third, right-hand,4-
blade. Blades of all were adjustablein pitch. The geo-
metricalpitch-diametprratio, for a settingof-16.6° at
0.75”R;”was 0.7 from 0.6R outward to the tip.” It gradu-
ally decreasedfrom 0.6 R toward the hub to a vqlue of
0.42 at 0.15 R. The plan form, the ‘sections,.and the pitch
distributionWere those of propeller E in”reference6.

!Jes_ts,-Tests,of the right- and left-hand2-blade
propellers’andt“he4-bladeprop~ller”wer-~”ma”deat blado-
angle settingsfor 0.75 R of 15°, 25°, 35°, and 45°.

-—

.-=
In.the tests”.ofsingleprop”ellers~~he iorque”arm B

(fig.1) and the pinions of-:the bevel gear train wore re-
rnovcd. The two shafts”were then locked together. The
balance connecte.d.to torque arm A thus indicatedtho
air-forcetor”queon the propelleralone, the friction
torque Qr being eliminated.

Tests of the tandempropellerswere made witihthe
right-handpropellerIn the forwardposition and set at
blade angles for 0.75””Ro~”15°,’”250,3~0, and 46°. The
left-handpropellerwas set at a blade angle such that the
two propellersabsorbed equalpower at ma”ximumefficiency .
for the combination. The method of realizing this condi4ion
is shown in figure 3. With the forwardpropeller set at
25° and the rear propellerset first at 25° and later at *
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240, the differencesin power coefficientof the for-
ward and rear propellerswere determinedand plotted as
functions of V/nD.. At V/nI?= 0:9, maximum efficiency
of the 25° 2-bladepropeller-alone, the value of CP
(RH-LH) is seen to be -0.0023 for the 25° settingof -the
rear propellerand 0,0045 for the 24° setting. By inter-
polation the setting of the rear propeller that would give
equal power at V/nD = 0.9 was estimatedto be 24.70.
Cp (RH-LH) for the 24.7° setting of the rear propeller-is
also shown in figu’be3. It is seen to be zero at V/nD =
0.9.

In the foregoingtest it was assumed that V/nD for
maximum efficiencyof the tandem combinationwould be the
same as for a singlepropellerhaving a pitch setting
equal to that of the forwardpropeller of the tandempair.
This assumptionwas later justified, (See figs. 4 and 7.)

Three spacingsof the ta~dempropellerswere used;
8-1/2 percent, 15 percent,and 30 percent of propeIler
diameter, center to center of blade shanks. Originally
it was planned that a closer spacing of 7-1/2 percen%diam-
eter would be employed,but propellerhubs and necessary
bearings between them limited the minimum spacing to the
8-1/2 percent diameter.

—._
For the tests of the tandem propellers,it was neces-

sary to determinethe friction torque QF in order to

measure the total wind force torque Qpl + Qpa. Prelim-
inary tests showed that friction torquewas independent
of torquo load in the form of a couplewith its center at
the shaft axis but that it dependedprimarily on rota-
tional speed and oil viscosity; the oil vfscositYwas a
functionof the temperature.

The tandempropeller tests thereforeconsistedof
alternateruns of the left-handrear propelleralone and
of the two propellersin tandem. From the observationsof
QA and QB for the einglepropeller runs, QF was com-
puted by equation (5) and plotted against time, Values of. . QF for the intermediateruns with tandempropellerswe-r-e
then taken from a f-aircurve drawn thr”oughthe plotted

# points. Uniform time intervalswere used in corresponding
operationsof consecutiveobservations.

+. Followingthe Stanfordlaboratorypractice,a constant
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angular velocitywas used for each test, Variationin the
parameter V/nD was securedthrough“changeof the wind ve-
locity. Because of l-imitationsimposedby wind speedan,d
by power and rotation~l.speedavailablein.the dynamometer,
the rotationalspeedsemployedwere 2,00’0,1,80.0,1,500~
and 1,100 ~“evolutionsper minute.”forthe 15°, 250, 350, and
45° blade-anglesktti..ngs~respec!ti+ely.Assuming that tho
ful.1-s,calepropeller would b? 9 .fse”t.in..diameterand would
operateat 2_OO0 r.p.m., the ReynoldsNumber of the tests
was thus from 0.11 to 0.05 full scale.

..

The observationsof the tests were roiiucedto the”.
usual coefficients

,CT=J!L.
Pn=D+

D
Cp = —L.-

Pn3D=

.-

where’ T is propeller thrust.

P, mass density “of-the air,

m, rev”oiution-sper u~it time. ‘ -

D, propellerdiameter.

P, power als’orbed. ‘

v, v’elocity. .“,

RESULTS AND DISCUSSK)N

The propello.r..coeff”icientsderived from the “dbserva-

#

-.
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tions of these tests are given“intable:1, For the tand-
em propellers, Cp and Cs are “coefficientscomptited.
fo; the totalpower of the tandem”pa-i’r”as -CT is a“coef-
f.i,cient,computed:forthe tots’1,’t.hrus’t”..6P (RH-LH)”i,8
tho differencebetween the.power coefficientof t>e forw-
ard (right-hand)and rear (left-hand)propellers. The .
coefficients cry, Cp; and ‘tlare shown graphicallyas
f:unctiorisof V“/nD’in figures 4 to B’. In addition,worku
ing charts for design selectionof 2’-bIade,4-blade,and :
tandempropellers‘a-reincludedin figures 9 to 11. The
me,thodof using these charts is descri%edin reference7,
and a curve of ‘P has,been includedfor conveniencein~, .. . . .
calculationof the thrust of automaticpropellersa; low
air speeds. The final figure 12 comparesa selectedtan-
dem-prop,ellercombi’natio,nwith the 4-bladepropeller. .

From figures 4 and 5 it may be seen that the results
of tests of the right-handand left=hand2-bladepropellers
at the same blade-anglesettingsaro not”identical, The
right.-handpropellers.appear to absorb slightly smaller
power and to have somewhatgreater peak efficiericy,par.
titularlyfor the lower bla,de-angl=..qettings.Micrometer
measurementsrcveqled,that the right-handblades were ap-
preciably thinner than the left-hand,possibly enough to
account for the differencein power coeffi.cient_s-found.
The results for right-handand left-handpropellersa;e,
however,probablyas nearly the sameas could be expected ...
from blades produced by the best commercialpractice. For
all practicalpurposes, the right- and the left-h,andpro-
pellers may be regardedas identical,.,

,..
In order to realize the conditionof equal power at

maximum efficiency“intandempropellers,it was fo”undin ‘-‘“
all cases except that of the 15° settingthe rear propel-
ler shouldbe sot at tho smallerblade angle. EiffoI.~s
tti~ts(reference5) .gqvasimilar results. These presqnt
test,sshow th~t the difference$n blado-anglosettingre-
quired ~sa function of blade anglo itself. F,orthe,15°
settingno differencewas found, while for.“250-,35°, and .
450, the differenceswere 0.3°, 0.6b, and 1.1O, Respec-
tively. In some cases it was found impracticableto real-
ize, exac$ly,the condition,of equal porgr at maximum ef- “-
ficienoy. It was attained,however, within the limita-
tions imposed%y minimum“observable.ch~nge in blade angles,
about O.1O,”and by probable error in difference-of torque,
about 0.02 lb. ft. .

.-
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The data of figure 8 show that the”spacingof tandem
propellershas .llttleeffectupon the characteristicsof
the combination. With respect to efficiencythe 15-percent
diameter spacing.appe,arssoinewhath.etter.than the closer
spacingof 8-1/2yer-centdiameter. The 30-percentspacing
is but little,ifaiy, better than 15 percent. It may be
noted that thrustdevelopedand power.abso:r,bedby the tan-
dem propellersin~rease“slightlywith the-syacing. This
result may.be accountedfor by the increasein blade-angle
settfn~of the rear propellerrequiredto maintainthe con-
dition of equalpower at maximum efficiencyas spacingts
increased. ,,

~’ffectsof Spacing,practicallyidenticalto the.fo.re-
going, were observedfor the tandem”py~pellersat 35° blade-
a’nglesettingof.the forwardpr,opell.er~”Since the 15-per-
cent diameter spacingappeareddefinitelybetter than 8-1/2
percent and not appreciably.worsethan 30 perc8nt fo,rthese
two cases, only the 15-percentspa.clpg,was investigatedfor
the forwardpropel}era“t15° and 45°.

—

One incidentalOffect of ciose”spacingwas obierveil. 1.
At 8-1/2 percent the tandempropellerswere extremelYnoisY.
At 15 “percent”the sound was noticeablymore than that yro- ‘
duced by a 4-bladepropellerof th”esame p~tch, whereas,at J
30 percent, it was but little louder to the ear than for a

:

4-bladepropeller. f

For correspondingbl~de-?ngles~tij.~~sQ~’”&Ml~a~P*o-
.pollersand khe”forwardbltidesof the tar@.em”prop811ers,
(compare;’”forexample,figs. 4 and 7, ~Q Yigg. 9.ad 21)
tandeapropellersare generallyless efficientthan 2-b~ade
propellers. The differencein maximume.fficieqcyvaries
inversely”withthe blade-anglesetting. It is about 4 per-
cent at 150 and “0.5percentat 350”. For 4.5°the tandem
propellersappear t.ohave a maximum efficiency”~bout 0.5
percent greater than”the 2-bladepropeller. ttithe climb-
ing range, takenarbitrari-l~at 0.75 .V/nDfor maxirnuineffi-
ciency, the tandem”’propellers-show about 5 percgnt less
efficiencythan the’2-bladepropell.er~f~-rthe 15° setting
but about 2.5 percent greater“efficiencythan.the2-blade
propellersfor the 45° settirig-.’

At maximumefficii~cyYthe power.absorbedby.the tan-
dem propellersis from 1.’8.’7to 1.97 times that absorbed
by a 2-bladepropeller. In the cli”mbingrange, the.ratios
are from 1.97 to’2.09. In each case the &“uallerratio ap-
plies to the lower setting. . .

.

%
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Comparisonof the efficiencycurves of the tande~
and 4-bladepropellers (fig.12) showsthat, under prac-
ticallyall conditionsof operation,the tandempropellers
are somewhatmore efficient. At”maximumefficiency,the
differencein favor of the tan’dempropellers is from 0.5
to 1.5’percent, ‘In the climbing conditionit becoaos 2.5
percetit.ftirthe 45° blade-anglesetting.

...’

At maximum efficiency:the tandem propellersabsorb
.from.3“to5 percent more power than the:4-bladepropellers.
In the climbingconditionthe difference”is from 4 to 9
percent. In both cases the high blade-anglepropellers
silowthe greaterdifference. .-..... -—,. _.. ..

The.precedin.gcomparisons-ofpower and efficiencyare
made at equal values of V/nIl. Since the tandem propellers
absorb greaterpower.than.4-bladeiiopellers,.however,a
more significantbasis for comparisonof f3ffic16ncyis at
equal values of the speed-powercoefficient C . E’igure12
shows the efficienciesof the 45° 4-bladeand 250 to 43,90 -
tandem propellersas functionsof the speed-pow- coeffic-
ient C~. It may be seen that, for all values of C~
throughoutthe working range, the efficiencyof the tandem
propellersis appreciablygreate’r.The maximum difference
is about 4 percent,. The ~ain in efficiencyfor this case
is the largestfound.

) becomes progressively
percent, at 15°.

,.

These tests have

less and is
For smallerblade-anglesettingsit

negligible,a%out 0.5
._.. .

CONCLUSIONS
,.

.,

shown that identical,counterrotating,
2-blade, close-spaced,tandeinpropellers,adjusted in pitch”
to absorb equal power at maximum e-ff”iciencyhave frdm 0.5
percent to 4 percent greater efficiencythan that of 4-
blado propellersof the same blade form and d.esigncidto ab-
sorb the same total power.

Tandem propellersare inferior in efficiencyto single
2-blade propellersfor blade-anglesettingsat 0.75 ~ of
less than 35°. For higher blade-anglesettings,t>e tandem
propellershave an appreciableadvantage..

!i!andem~ropellersabsorb from 3 percent to 9 percent
ruorcpower than 4-blade propellersand about twice the.-,
power of 2-%ladepropellersof equal diameter.

/
.
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TAEZ4!I - continued

2 -21adeLart-md PrOpeUer

15-at 0.75u

TAPUSI - Contlnuad

2 -BladeLert-EmdPrqmllor

B

i“at 0.7sE

c=

0.W07

.CXX9

.0165

.0239

.0264

.0247

.0376

.04!49

.0479

.0631

.0661

.0617

.0666

.0707

.0757

.0044

m

0.071

.207

*.666

.767

.766

.774

.776

.761

.770

.762

.724

.684

.646

.584

.497

.331

v/nD CT

0.0042

.0143

.0232

.0317

.0390

.0470

.0645

.0621

.0696

.0776

.@61

.0632

.0945

.0622

.022S

.0246

——.
n

0.272
.226

.n4

.785

.616

.227

.636

.617

.7%9

.776

.74X

.698

~614

.ms

.*

.293
.-.

1
0.7s7

.717

.674

.eSo

.509

.656

.644

.610

.476

.444

.416

.266

.326

.Pa2

.224

.129

O.mm

.OI.26

.0167

.0204

.0230

.0263

.026s

.02S0

.0297

.0313

.0322

.0632

.0366

.0341

.0342

,Om

1.9s6

1.n9

1.6W

1.372

1.274

1.176

1.126

1.042

.967

.066.

.627

.727

.543

.664

.440

.256

1.17s

1.129

1.081

1.027

.?74”

.914

.668

.766

.7S2

.674

.592

.519

.457

.406

.329

.232

0.OI.22

.owl

.0360

.0416

.046s

.0519

.0662

.0605

.0637

.W74

.06a6

.0693

.0706

.0J740

.0763

.0774

2.624

2.323

2.113

1.040

1.798

1.653

1.627

1.s94

1.269

1.156

l.ols

.665

.776

.622

.6W

.367

TA2L2I - Cmtlnued
T- I - Ocmtlnued

2 -EladeLeSt-EmdPiqJeller

45*-t 0.’76R
Z -BladeLert-EmdPropaller

5-at 0.75

G*

0.0697

.Owl

.0747

.0847

.0SQ4

.0980

.lW

.1077

.1123

.1166

.1167

.1202

.1216

.E230

.1240

.lsso

.18w

.1s41

n

0.674

.7-1o

.744

.766

.784

.EOo

.769

.7W

.746

.V21

.7W

.660

.626

.694

.662

.496

.436

.*

.M1

C*

0.0340

.0400

.04s9

.0576

.0644

.0732

.06m

.0669

.Oea

.0669

.0690

.0665

.Ww

.0013

.W20

.0936

;0676

.1OC8

●lcm

%?

0.1114

.1215

.13sl

.1496

.1570

.1654

.1766

.lBlo

.1637

.1017

.1613

.1620

.1612

.1011

.1811

.163s

.L661

.1940

.2m3

c’

2;813

2.664

2.526

2.s45

2.230

2.1o6

1.996

1.871

1.735

1.610

1.523

1.3s3

1.247

1.066

1.033

.2Z4

.7s7

.616

7
0.675

.735

.764

.s05

.S16

.029

.622

.622

.817

.795

.761

.66Q

.606

.636

.51.5

.461

,s74

.s12

V/m

2.2U5

2.156

2.060

1.984

1.912

1.61’a

1.713

1.642

1.545

1.467

1.442

1.357

1.266

1.178

1.067

.9m

.Em

.706

.651

as

5.422

S.267

3.061

2.m

2.769

2.606.

2.42x

2.312

2.170

R.063 ,

2.026

1.W.9

1.7T8

1.667

1.630

1.S65

1.175

.664

.7&3

v/rLu c=

1.60Y.

1.630

1.KM

1.4s1

l.sm

1.322

1.265

1.1s6

1.121

1.046

.963

.912

.6J8

.7X3

.681

.504

.491

.412

0.0252

.03~

.0320

.0476

.0325

.0614
.
.0664

.0-73s

.021il

.02.78

.oa98

.0662

.Woo

.W24

.W*

.0966

.09w

.1016

*

.

.—. .



I.A.O.A.
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??zblol..
oor&hu6a
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.

v/rlD

0.744

.713

.679

.646

.627

.595

.533

.628

.49s

.467

.445

.406

.361

.333

.Wo

.263

.227

v/un

1.597

1.544

1.464

1.440

1.*

1.3?’4

1.336

1.274

1.m6

l.lza

1.078

1.m6

.236

.877

.220

.7m

.6?0

.524

.462

.S52

TMrs I - Continued

4-31adePropeller

18°at 0.75R

0.0020

.0157

.0244

.035s

.0405

.0494

.Odm

.06W

.0736

.0625

.0s61

.09s8

.1004

.1086

.1146

.1206

.1259

%

0.01S6

.02m

.0278

.0334

.0339

.0403

.0449

.04e41

.061%?

.0335

.0646

.0576

.0394

.0610

.0624

~063!2

.0534

%

1.713

1.532

1.391

1.275

1.221

1.132

1.024

.964

.89$

.639

.796

.719

.670

.586

.523

.437

.394

TABLEI - Continued

4-BladOPrOpeUer

33°at 0.75R

‘%
0.0409

.0546

.06s4

.0726

.0673

.0956

.1o31

.1153

.lm.e

.1451

.1365

.1661

.1669

.1628

.17W

.1724

.1757

.lele

.1843

.1084

%

0.1032

.11ss

.1347

.1476

.13W

.1641

.1’704

.1S16

.1954

.2063

.2146

.2213

.2262

.2275

.2265

.22ee

:2352

.2410

.2440

.2634

Ca !

72.s15
2.364

2.217

2.lle

2.042

l.we

1.2Q8

1.792

1.672

1.561 !

1.467
I

1.362

1.263

1.179

1.104

1.006

.626

.T76

.636

.453

n

0.0!35

.443

.597

.664

.706

.73a

.741

.743

.731

.720

.6P8

.677

.646

.596

.552

.s02

.431

m

0.632

.706”

.754

.776

.’i’w

.2Q1

.m8

.m

.@lo

.729

.766

.767

.691

.633

.616

.363

.ml

.439

.S64

.262

v/nD

1.171

1.122

1.078

1.046

.908

.960

.906

.Be3

.s33 ,

.W

.786

.735

.687

.64.3

.5S3

.523

.465

.4C9

.333

.267

v/rm

2.184

2.063

Z.om

l.em

1.842

1.KJ7

l.vlo

1.626

1.542

1.442

1.349

1.W36

1.134

1.032

.936

.221

.660

.332

TABLEI - Omtinned

4-PdadePropeller

23”at0.75R

0.0362

.0209

.0381

.0466

.0613

.0719

.0224

.Oms

.0978

.1041

.1126

.U?21

.1331

‘.1429

.1346

.1633

.3-736

.1780

.1753

.1771

0.0327

.0432

.0s94

.0685

.07L15

.0664

.0436

.0979

.1032

.10s4

.1X40

.U74

.1226

.1268

.1300

.1313

.1341

.1366

.1411

.1430
TA3L21-

%

2.3=

2.oxl

1.897,

1.7a6

1.861

1.567

1.435

1.405

1.342

1.*

1.216

1.122

1.045

.s66

.877

.723

.295

.m

.493

.394
Intiilued

c

-.

m

0.222

.516

.622

.746

.779

.79s

.Vee

.BcU-

.m3

.721

.763

.765

.746 .

.722

.69S

.6KI

.2a3

.332

.406

.331

4-Bhde Propoller

46°at 0.75R —.

0.2136

.2418

.2619

.Za3a

.3022

.3100

.32W

.3447

.3m2

.33W

.3W3

.3502

.s510

.33m

.3571

.3614

.2725

.m26

CT ‘% I
cm ‘ ~

I
o.0661 2.678

~
.0866

.0990

.lldo

.12S0

.N&4

.15!22

.1635

.1572

.1704

.lV16

.1722

.1756

.1779

.lB16

.M30

.1S76

.1210

2.772

2.640

2.4EN

2.350

2.2a3

2.134

e.ols

1.202

1.7e6

1.664

1.352

1.398

1.2s5

1.177

1.007

.604

.544

0.676

.746

.754 .

.7e4 9

.7S?3

.796

.721

.Vm

.739

.706

.661

.619

.567

.330

.467

.U5

.S32

.263



T.A.O.A..

TA2U L - Continued.
. D.

TA8L2.I - cOllfAnmd.

Ri8bt-M (Forward)26” at0.78 R
LOrt-mnd (R-u) 24.7° at0.75 R

15 PercentDiametermaaing

Tfwlm Pmpellera

Ri@t-Rand(Forwm%i) 15°at 0.7SR
Lert-Hand(Rem) M“ d 0.75R

15 PementDloineterSQaCtlaS

%

0.002s

.014s

.0271

.0ss2

.0494

.0585

.0630

.0718

..0796

.0820

.09SQ

.1078

.lms

+(28-E-I)

0.0042

.W22

.@316

.Wx6

.CKml

-.CO06

-.0013

-.0321

-.ms7

-.0042

-mm

-mea

-.0110

-
cm m

—.
).167

.8’30

.753

.6.13

.63.5

.021

.768

.7s6

.7W

.647

.357.

.42s

.Sls

v/rJl ~

0.102

.440

.62S

.690

.7%?9

.747

.742

.764

.739

.70s

.672

.631

.567

.4s0

v/nil

1.1s5

1.126

1.051

.969

.elz$

.630

.732

.068

.5W

.619

.437

.s3s

.247

V/m

2.230

2.IM

ZL074

1.895

1.919

1.849

1.762

1.5s2

1.586

1.W6

1.UO

1.s14

1.2s3

1.132

1.016

.8ss

.756

.613

%

0.0036

.0256

.0493

.0731

.0s76

.1084

.lma

.1455

.16U3

.1766

.16s9

.1966

.1987

%

O.waa

.04e4

.0663

.osn

.0982

.112s

.1251

.13=

.1372

.1408

.145G

.15M

.lssa

0.749

.716

.676

.639

.602

.566

.-

.62U

.491

.441

.40s

.36s

.s0s

0.0166

.02s2

.0287

.0SE3

.040s

.0432

.0468

.0496

.0528

.0s73

.0601

.Osm

0.0C419

.W6

.mo7

.CQ36

.IXJ06

.0303

.mm

-.mos

-.c034

-.~6

-.c034

-.Cml

1.7cm

1.818

1.s53

1.247

1.142

1.036

1.016

.940

.ss5

.781

.716

.532

Z.41O

2.054

1.7fa

1.578

1.4W

1.2A?6

1.110

1.002

.683

.75s

.64s

.466

.SIM.06S4~ -.0011 I .53s.Omi -.0019.416.242 I “.131s I ..._

T- I - continued

Tand~ Propellem

TARW I - Continued

?UlderaPropsllers

PRi t-Rad (Forward) 36° at 0.75E
M t-Emd (Rear) 34.4”at 0.76R

Right-Hand(Forwnrd)45° at 0.75E
Laft-Hand(Rear) 43.9°at 0.73R

15

%

0.0567

.0744

.0!323

.10s2

.125s

.1320

.1546

..1680

.lm4

.1s95

15

=7
0.0s8s

.0676

.07s2

.0s57

.lc413

.1161

.1297

.1447

.150s

.17M

.1851

.182s

.1975

.1886

.2016

.2056

.2112

.2196

erc.entDiameterspa{

% +(m-m)

0.1019 O.oceo

.1238 .W45

.1403 .0019

.lW .C016

.1710 .Ooos

.1870 -.0006

.196s -.coll

.2110 -.0023

.2220 -.oos5

.2s10 -.m41

.SS86 -.0055

.2476 -.C066

.s654 -.0074

.2570 -.0023

.2SW -.0104

.26s5 -.0115

.2705 -.012).

.2a40 ..o133

w

Ca

2.643

2.3m

2.207

2.100

1.S20

1.ss0

1.722

1.614

1.494

1.W27

1.294

1;178

1.07i

.952

.8ss

.779

.5s9

.449

eraentD-

CP

O.mll

.2270

.25s-s

.2757

.2906

.3176

.3357

.3517

.3633

.S762

.5P22

.32s0

.3-243

.3245

.S867

.39s0

.4028

.4123

Imeterspa

~(RR-LR)

O.olm

.008s

.0068

.@x8

.m14

.Ooow

-.0314

-.W21

-.0323

-.0074

-.ols4

-.0197

:.0194

-.0184

-.0178

-.0105

-.01s5

-.0216

Lug

c=.-—
i m

2.M12

i?.72i3

2.522

2.44?

2.327

2.1s2

2.072

1.954

1.8s2

1.698

1.592

1.4s8

I.sm

1.229

1.064

.807

.731

v/nD

1.611

1.547

1.469

1.442

1.377

1.s2.0

1.244

1.182

1.1C6

1.042

.969

.6a9

.816

.732

.662

.597

.493

.S4Q

0.610

.7iM

.7s5

.789

.8o8

.213

.812

.6.10

.=

.784

.761

.691

.5s1

.654

.6M3

.456

.365

.269

.705

.726

.764

.810

.809

.811

.6Q3

.780

.759

.7M.1833

.1949

.1876

.2011

.66S

.532

.592

.536

.460

.,

..

.2047

.2024

.2115

.21S6

.397

.317



. x.A.a.A.

●
✎

T/m

1.1’?7

1.127

l.om

1.029

.270

.918

.238

.720

.726

.666

.598

.ml

.449

.S32

.246

,.

..

TA2LEI - Contimted

TarxlmPrq@lers

‘A%%- K&) :::5”::::3::

@-1/2PeraOntJXrunetere+meiug

%1%
0.0255 I 0.0307

.0230

.0391

.0349

.0720

.0634

.0907

.1151

.1295

.1445

.1565

.1735

.less

.1961

.Zmo

.0476

.0605

.0742

.06’70

.0470

.1070

.1159

.12S.2

.1306

.1350

.1400

.1410

.1469

.1335

$(PM-u+)

O.mm
.0049

.0036

.mee

.0010

.0m4

-.0001

-.mo’?

-.W13

-.0020

-.cwll

-.0039

-.0043

-.0060

-.ooeo

I

c~

2.352
2..072

1.891

1.733

1.6el

1.456

1.s4s

1.216

1.107

1.001

.e92

.772

.604

.517

.356

a

o.ml
.546

.69.9

.762

.203

.2Q8

.7W

.724

.760

.737

.697

.646

.580

.470

.319

7v/lm1.167

1.140

1.0!38

1.043 ~

.Wo

.044

.89s

.856

.784

.760

.704

.655

.607

.540

.469

.413

.346

.$!40

T2blc1.
omolti6d.
H&arc a

TW I - OGntm.led E
Tardas Propallera

P
Hi t-rend(P’orw’nrd)25” at 0.75R
La t-Ecx.d(Rem) f!4.8”-t~.?6E

x

).0259

.0234

.M25

.0551

.0695

.oen

.0944

.1035

.I.2m

.126Q

.1405

.15U

.16!25

.1755

.le71

.1939

mment

2.0318

.0474

.0602

.0744

.oe52

.osa

.10s6

.1107

.1216

.M?63

.lmz

,1347

.13sa

.1416

.145

.1493

uneter@pa

+ (R2-L2)

0.0007

.mm

.om4

.OcKn

o

0

-.mz

-.oms

-.0010

-.at14

-.0016

-.mle

-.0026

-.m35

-.mm

w

T
u, n

E.266 0.22Z

Z.lm .653

l.em .227

1.’752 .774

1.619 .E32

1.514 .812

1.410 .616

l.tlee .815

1.193 .793

1.146 .778

1.050 .7m

.970 .734

.em .710

.79a .559
!.691 : .607

-.CW270 : .607 \ .63$

.1970 ! .1544“ -.mw .~~ \ .441

.1W6 .lms -.olm .346 .267

.
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.C.A. Fig,3

L

,006- t
R.H.forward,25°

/

L.H.r$cr,24° ‘~-.,% ~’
I

/A A
.004.- /

/6

.002
R.H.forward,250
L.H.rear,24.7°‘-’y

~ ~

g
u I 0
v ~/+
-.002– !

!
\
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R.H.forward,25°
L.H.rear,25°

-.004 ,

.
r

I j’
-.006

,/’ , ‘

I

-.008 i

J I
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I

.2 — .4 .6 .8 1.0 1.2
v/nD

Figure3.-Differenceinpowercoefficientsas affected}Y change
inrearpropellerblade-anglesetting,

.
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N.A.C.A. Fig.4
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Figure4.-Power,thrust,andefficiency.2-bladeright-handpropeller.
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